Continuous intrathecal opioid treatment abolishes the regulatory effects of magnesium and guanine nucleotides on mu opioid receptor binding in rat spinal membranes.
The regulatory effects of cations and guanine nucleotides on mu receptor binding after opioid drug and pertussis toxin treatment were studied in the rat spinal cord model. Continuous intrathecal (i.t.) infusion with PL017 for 5 days induced tolerance in a dose-dependent manner. Maximal tolerance was observed at day 2. A single i.t. dose (1 microgram) of pertussis toxin also induced tolerance to opioid. When mu receptor binding of the high-affinity sites was determined by 125I-FK33824, spinal membrane preparations from morphine- and pertussis toxin-induced tolerant animals demonstrated approximately 30% less binding than control membranes. Analysis of equilibrium competition binding of FK33824 against [3H]naloxone under a variety of experimental conditions (i.e., cations and guanine nucleotides) revealed differences among control and treated membranes. With Na+ (100 mM) + GDP (100 microM) pretreated membranes and binding assays conducted in the presence of Mg++, all mu receptors were observed to be in a high-affinity state in control membranes, whereas about 30% of receptors were in the low-affinity state in membranes from opioid- and pertussis toxin-treated animals. The increase in the proportion of low-affinity sites was dependent upon the infusion dose of PL017, and the increase correlated well with the degree of opioid tolerance developed. The regulatory effect of 5'-guanylylimidodiphosphate on opioid agonist binding was reduced in membranes from pertussis toxin- or opioid-treated animals. In binding assays conducted in the presence of Na+ (100 mM) + Mg++ (5 mM) + 5'-guanylylimidodiphosphate (30 microM) or Na+ (100 mM) + GDP (100 microM), all mu receptors in control membranes were in a low affinity-state, while those from opioid- or pertussis toxin-treated animals existed in both the high- and the low-affinity states. Continuous i.t. infusion with PL017 at the high dose of 1 microgram/hr for 5 days also decreased significantly (about 40%) the total number of receptors. These studies indicate that continuous opioid infusion and pertussis toxin treatment results in impairment in the receptor-G-protein coupling. This is reflected by the decreased regulatory effects of Mg++ and guanine nucleotides. Thus, in addition to receptor down-regulation, which is induced by PL017 at high doses, receptor-G-protein uncoupling may play a role in opioid tolerance induced by continuous infusion with morphine and PL017.